We discuss the possibility of unification of gauge coupling constants of the standard model and its extensions at some high scale without the assumption of the existence of a covering GUT at that scale. In our analysis we examine (i) the standard model, (ii) its supersymmetric extension and (iii) an extension in which the spontaneous symmetry breaking is based on the condensation of high-colour fermions. The latter case is favoured for perturbative coupling constants unification while the supersymmetric extension of the standard model, with five families, is favoured for non-perturbative unification.
Introduction
Attempts to unify the observed low energy interactions at some higher scale have attracted for many years a lot of interest, both theoretical [1] and experimental [2] , since it fulfills an esthetic dream of many physicists. In addition, the possibility to predict [3] some of the standard model free parameters has made these attempts even more challenging. Most of the effort has been within the perturbative framework of grand unified theories which predict that the proton is unstable. However, the negative results from proton decay experiments I-2] seem to rule out at least the simplest Georgi-Glashow S U(5)-model. Another interesting framework of unification which might or might not require a covering GUT, is the non-perturbative one of Maiani et al. [4] . It requires that the theory is not asymptotically free. Then, at low energies, the values of the coupling constants are insensitive to those at large energy scales.
Finally, a presently popular framework is that the unification might occur in higher dimensions. Superstring theories [5] or higher-dimensional gauge theories [6, 7] offer the possibility to start with a unified group in higher than four dimensions, while the dimensional reduction procedure could lead in four dimensions to gauge theories without a covering GUT.
The negative results from proton decay experiments, the theoretical prospect that a unification involving a covering GUT might take place in higher than four dimensions, as well as the recent formulation of superstrings in four dimensions [8] which does not necessarily require a covering GUT, lead to the question: which theories can have coupling constant unification in four dimensions? In this work we investigate three representative types of theories requiring only coupling constant unification at some high scale. The theories are (i) the standard model with three or four families, (ii) a simple supersymmetric extension of the standard model and (iii) a simple extension of the standard model with dynamical symmetry breaking of the electroweak sector according to the high colour scenario.
In our analysis we write down the renormalization group equations (RGE's) [4, 9] corresponding to each theory, and as an input we require to have [4, 10] : aem(Mw) = 0.00772 a3(Mw) = 0.12 +0.ol -0.02 (1) sin2Ow ( 
Standard model
The evolution of the gauge couplings of the S U (3) Studying the evolution of the three coupling constants for three generations (nG = 3) and one Higgs scalar (nn = 1), we find that unification cannot be achieved at any high scale. (Extra generations or Higgs doublets do not improve the situation.) Thus, the standard model fails to give simple coupling constant unification.
Supersymmetric standard model
To the extent that the standard electroweak model S U(2) L x U(1) contains elementary Higgs fields, one needs a mechanism to stabilize the low against the high unification scale. A popular way out is to introduce N= 1 supersymmetry [11] which has to break at some scale M s, higher than M w, given that the low energy particle spectrum is not supersymmetric. For E less than the supersymmetric breaking scale M s, the Bi's and Bik'S of (2) 68s)nG+ n,, 3--0 (5b) 0 o)
By examining the R.G.E.'s with n G = 3 and n n = 2 (which is the minimum allowed number of Higgs doublets in the supersymmetric standard model) we are unable to find an energy scale where all three couplings have the same value despite the fact that we have varied M s between 103 and 106 GeV. For n G = 4 we find the same result. For nG = 5 we have reproduced the very interesting non-perturbative unification result of Maiani and Petronzio [4] . Specifically, starting from values ~1,2,3(A)"~ 1; A = 1017GeV (6) we have found the results collected in Table 1 :
The values of the low energy coupling constants for the choice Ms = 104GeV agree very well with the experimental values as given in (1) above. The other results are given for comparison with the results of Maiani and Petronzio [4] . Therefore, as far as perturbative coupling constants unification is concerned the introduction of supersymmetry does not help to improve the situation of the standard model, if we limit ourselves to three or four fermion families. With five families we obtain the non-perturbative Parisi-Maiani-Petronzio scenario. [13, 14] . The chiral symmetry breaking of these quarks due to colour forces is expected to take place at much higher scale than for ordinary quarks and could in principle be responsible for the spontaneous breaking of SU (2)Lx U(I) down to U(1)e m [13, 14] . We remind that the high colour scenario found strong support in lattice calculations on chiral symmetry breaking of quarks which belong to different representations [15] . Beyond the threshold of twice the dynamical mass of the sextets, 1~6 ~ 250 GeV, the new quarks contribute to the fl-function and the asymptotic freedom of SU (3)c is lost. Therefore, ~3 starts increasing for E > 2/.t 6. Consistency of the theory requires that 73(E) does not exceed the value ~3(#6) at the chiral symmetry breaking scale [14] . Therefore, after a certain scale new physics has to appear in order for the picture to be consistent. The simplest thing to do is to enlarge SU(3)c to G s= SU(3) x SU(3) at some scale [13, 16] before ~3(E) reaches the value ~3(#6).
Let us then consider in the following a simple consistent extension of the standard model involving sextet quarks [13] . The model is based on the gauge group G = Gs x S U(2)L x U(1) where the strong sector is Gs=SU(3) xSU (3) and the electroweak is the standard one. The gauge group G s breaks at a scale M s to the diagonal SU (3)c. This breaking can be dynamical, but in order to keep the picture as simple as possible let us introduce elementary Higgs fields transforming as (3, 3) under G s and being singlets under SU(2)L x U(1). The fermionic content of the theory before this breaking is (the quantum numbers
Quarks:
Higgs: (3, 3, 1, 0) nn times where the multiplicities are constrained by requiring anomaly cancellation: n L = 2nQ + 3n 6 = na + 2n6, where nG is the number of ordinary quark families at energies below 2~6. Each exotic quark family gives,
when Gs breaks to SU (3) 
Conclusions
Motivated by the negative results of proton decay experiments we have examined here unification at some high scale without assuming a covering GUT at that scale. We found that such a unification of coupling constants is not possible in the standard model and in its supersymmetric extensions with three or four families. On the other hand, nonperturbative coupling constant unification is achieved in a supersymmetric extension of the standard model with five families and perturbative unification in the high colour scheme for dynamical electroweak symmetry breaking. The coupling constant unification scale is in both latter cases closer to the Planck scale as compared to GUT's which might suggest that coupling constant unification is more relevant than GUT's unification in theories with intrinsic Planck scale. Such theories could be unified theories in higher dimensions or string theories, especially those formulated in four dimensions.
